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(57) [Summary] 



[Construction] 

Flash memory 1 is divided into 2 groups and 2 buffer memories 
4 and 5 are arranged to simultaneously implement writing and 
deletion. 

[Efficacy] | 

i 

To be able to obtain a writing speed equal or higher to a hard 
disk device, because it is possible to transmit datd from 
external to buffer memory, transmit data from buffer memory to 
flash memory and to delete data simultaneously according to the 
semiconductor disk device related to the present invention, as 
it is clear from the explanation 
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Specification 

. [Claim 1] 

A semiconductor disk device comprising over 2 groups of flash 
memory that are able to independently write and delete, a buffer 
memory that has a block which has a capacity which exceeds the 
minimum deletion unit of the over 2 groups of flash memory, and 
a control unit that reads out the data of the above block of 
said buffer memory and writes the above data in any of blocks 
of 1 group of the flash memory of the above greater than 2 groups 
of flash memory and that deletes the data of any blocks of other 
than the above 2 groups of flash memory simultaneously. 

[Claim 2] 

A semiconductor disk device comprising over 2 groups of flash 
memory that are able to write and delete each independently, 
a buffer memory that has a block which has a capacity which 
exceeds the minimum deletion unit of the greater than 2 groups 
of flash memory, and a control unit that writes data input 
through an interface in the above block of buffer memory, that 
reads out the data of the above block of said buffer memory and 
writes above data in any blocks of 1 group of the flash memory 



FH 008562 



of the greater than 2 groups of flash memory and deletes the 
data of any blocks of other than the above 2 groups of flash 
memories simultaneously. 

[Claim 3] 

A semiconductor disk device according to claim 1 or 2, wherein 
the above buffer memory consists of flash memory. 

• 'l 

[Claim 4] i 

A semiconductor disk device according to claims 1, 2 'or 3, 
wherein each block of the above buffer memory is the aggregate 
of the plural memory IC that has a capacity of below the above 
minimum deletion. 

[Claim 5] 

A semiconductor disk device according to claims 1, 2, 3 or 4, 
wherein said control unit comprises a memory means that 
remembers whether each block of the above over 2 groups of flash 
memory has been deleted or in data writing state and means that 
causes deletion prohibited for the block which is has been 
deleted on the basis of the contents of the memory means. 
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[Claim 6] 

A semiconductor disk device according to claims 1, 2, 3, 4 or 
5, wherein all or a part of the above flash memory are in the 
form of a memory card. 

[Detailed explanation of Invention] 

[0001] 

[Industrial application] 

The present invention is related to a semiconductor disk device 
that realizes a function equivalent to a hard disk device by 
using involatile semiconductor memory storage. 

[0002] 

[Prior art of technology] 

Various semiconductor disk devices have been commercialized in 
recent years as the external storage of a computer in lieu of 
a hard disk device. For this semiconductor disk device, the 
involatile semiconductor memory storage is used as a storage 
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medium. Extremely higher impact resistance and vibration 
resistance are provided with this semiconductor disk device 
because there is no mechanical construction, in comparison with 
a hard disk device having the drive system of a magnetic disk 
and magnetic head. Accordingly, especially the vibration 
resistance and impact resistance are useful in application for 
automobiles etc. where there is a vibration impact. This looks 
promising even for the external storage of computer devices for 
carrying it if the cost drops. Also, the NOR style flash memory 
and NAND style flash memory that does not require a power supply 
except at the time of data deletion, data writing and reading 
out is used more than DRAM (dynamic random access memory) and 
SRAM (the static RAM) the etc. that requires battery backup for 
involatile semiconductor memory storage which is used for the 
semiconductor disk device. 

[0003] 

[Problems overcome by. invention] 

In the abovementioned conventional technology, there has been 
the problem that the writing speed becomes slower in comparison 
with a hard disk device, as shown in Table 1, as it is needed 
to accomplish deletion with a block unit or chip unit initially 
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for writing, because overwriting is not applicable to flash 
memory . 

[0004] 

[Table 1] 

[0005] 

In other words, the writing speed including the deletion of 
flash memory even in the NAND style of about 3 jus, and reaches 
about 81 \x s in the NOR style, while a hard disk device 
accomplishes writing with 0,5//s-l/is per byte. Also, the 
flash memory has the disadvantage that the amount of rewriting 
is restricted to about 10,000 — 100,000 times due to the 
deterioration of the oxidization membrane of the floating gate . 
[0006] 

The present invention was made to solve the above problem by 
providing a semiconductor disk device that has a writing speed 
that is not inferior to a hard disk device, by implementing 
deletion and writing of flash memory simultaneously. 

[0007] 
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[Problem resolution means] 

The semiconductor disk device related to the present invention 
comprises over 2 groups of flash memories capable of 
independently writing and deleting, a buffer memory that has 
a block which has a capacity exceeding the minimum deletion unit 
of the greater than 2 groups of flash memory, and a control unit 
that reads out the data of the above block of buffer memory and 
writes the data in any block of 1 group of the flash memory of 
the above greater than 2 groups of flash memory and that deletes 
the data of any blocks of other than the above 2 groups of flash 
memory simultaneously to achieve the abovementioned purpose. 

[0008] 



Also, The semiconductor disk device related to the present 
invention comprises over 2 groups of flash memory that are able 
to write and delete independently, a buffer memory that has a 
block which has a capacity greater than the minimum deletion 
unit of over 2 groups of flash memory, and a control unit that 
writes data input through an interface in the above block of 
buffer memory, that reads out the data of the above block of 
buffer memory and writes above data in any blocks of 1 group 
of the flash memory of the above greater than 2 groups of flash 



FH 008567 



memory and that deletes the data of any blocks of other than 
the above 2 groups of flash memory simultaneously to achieve 
the abovementioned purpose. 

[0009] 

Moreover, the semiconductor disk device related to the present 
invention has, in the abovementioned semiconductor disk device, 
a control unit comprising memory means that remembers' whether 
each block of the above over 2 groups of flash memories isj in 
the deleted state or in the data writing state and a means that 
accomplishes deletion prohibited to a block which is in the 
deletion state on the basis of the contents of the memory means 
to achieve the above mentioned purpose. 

[0010] 
[Operation] 

An explanation is provided for a case in which even the flash 
memory writes the data for the plural blocks to a semiconductor 
disk device that is divided into the 1st and the 2nd 2 groups 
as well as the buffer memory, in addition to the buffer memory 
which has the 1st and the 2nd 2 blocks. 
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toon] 



At the moment that the control unit initially inputs the data 
for the first 1 block through an interface, and writes in the 
1st block of the buffer memory, for example, it deletes the 
corresponding block of the flash memory of the 1st group where 
it is planned to write the data next, deleting the corresponding 
block of the flash memory of the 2nd group where it plans .to 
write the data, as soon as the control unit inputs the data for 
the next 1 block through interface and writes in the 2nd block 
of the buffer memory, and the control unit implements the action 
that reads out data from the 1st block of the buffer memory and 
writes in the proper block of the flash memory of the 1st group 
to be pre-deleted simultaneously. 

Furthermore, deleting the corresponding block of the flash 
memory of the 1st group of the plan where it plans to write the 
data, as soon as the control unit inputs the data for the next 
1 block through an interface and writes in the 1st block of the 
buffer memory and the control unit implements the action that 
reads out data from the 2 nd block of the buffer memory and writes 
in the proper block of the flash memory of the 2nd group to be 
pre-deleted simultaneously. Thereafter the same action is 
repeated while chronologically inputting the data of each 1 
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block. In the end, writing of all the data is completed by- 
reading out from blocks of the buffer memory just before writing 
in the proper blocks of the flash memory of any groups to be 
deleted. 

[0012] 

As a result, according to the semiconductor disk device related 
to the present invention, continuous writing at high sp|eed 
becomes available, since the writing speed is determined by ojily 
the longest time among 1 block of data for the forwarding time 
from the external to the buffer memory and 1 block off data 
forwarding time from the buffer memory to the flash memory. 

[0013] 

Furthermore, the writing action above is premised upon the fact 
that that flash memory that always differs is chronologically 
selected, without the flash memory from the same group being 
continuously selected. For example, this can be realized only 
if it is to assign the sector number in sequence to the flash 
memory of each group alternately, like the interleaving method 
in the main memory unit which always accomplishes sequential 
access. However, a little of writing speed drops off in the case 
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of the random access, because the flash memory of the same group 
may be selected continuously and in this case it is not possible 
to accomplish the deletion and writing of the block of flash 
memory simultaneously. The possibility that the same group is 
continuously selected like this decreases comparatively, if it 
divides flash memory over 3 groups. Also, if such a system 
provided to manage vacant block is accomplished by the 
semiconductor disk device itself, and there is a decision for 
the the block of the flash memory to actually write 
automatically, the chance of the flash memory of the same group 
being continuously selected can be eliminated by selecting a 
block where writing is possible from the flash memory of the 
group different from the previous time. 

[0014] 

Also it is possible not to implement the forwarding of the data 
from buffer memory to flash memory right away. Namely, for 
example, buffer memory is constructed by many blocks. Until the 
vacancy of this block disappears, data externally input is 
written in the buffer memory. A new vacant block is prepared 
by transferring the data written already in any block to the 
flash memory as soon as writing in the last block is implemented, 
and the actual amount of rewriting flash memory can be decreased, 
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because it assumed that only the contents of the buffer memory 
are renewed, as long as there is vacancy in the block of the 
buffer memory. For example, in the case that the data of the 
same sector is repetitively rewritten. In the case that the 
minimum writing unit of the semiconductor disk device is smaller 
than the minimum deletion unit of flash memory, it is necessary 
to delete it after reading out all the data of the writing block 
of flash memory at first and write this part of the data that 
is read out and to rewrite it in the original block of fl^sh 
memory once again, after a part of the read out data is replaced 
to the written in data. In this case, the above buffer memory 
can be used as temporary memory for the readout data for aitime. 

[0015] 

An explanation of an example related to the present invention 
is provided next. 

[0016] 

Figure 1 to Figure 6 show an example of the present invention. 
Figure 1 is a block diagram that shows the construction of the 
semiconductor disk device. Figure 2 to Figure 6 are diagrams 
showing the writing action with a semiconductor disk device. 
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[0017] 



In this example, an explanation is made of a semiconductor disk 
device where 20 pieces of NAND style flash memory 1 of the 512k 
bitx8 bits are used and the memory capacity is 10M byte. 

[0018] 

With flash memory 1 to be used here, the delete block, which 
is a minimum deletion unit,, is 32K byte and the deletion time 
is 10ms, and the writing speed is about 0.3]j m/byte. These 20 
pieces of flash memory 1 are divided into 2 groups of each 10 
pieces and the actions such as reading out, deleting and writing 
in independently every each group by controller 2. 

[0019] 

The above controller 2 is a controller circuit for flash memory 
where the data sent from interface 3 is written to flash memory 
1 and data read out from the flash memory 1 is send to the 
interface 3 . Interface 3 is a peripheral equipment interface 
circuit which connects with the interface on the host side by 
the standard for the- hard disk device. Two pieces of buffer 
memory 4 and 5 are independently connected to the interface 3. 
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Volatile or involatile semiconductor memory storage with the 
capability of high speed action such as DRAM, SRAM or NVRAM etc. 
having a capacity of 32K byte individually is used for buffer 
memory 4 and 5. Construction where flash memory is used is 
applicable as well . In the case that the capacity of the buffer 
memory 4 and 5 become the value determined by formula 1, the 
deletion time and writing time of flash memory agree and the 
effective writing becomes applicable without waiting. 

! 

[0020] j 

[no. i] ; 

[0021] 

In other words, each capacity of the buffer memory 4 and 5 is 
set up as 3 2K bytes as shown above, since in flash memory 1 the 
deletion time is 10ms and the writing time per byte to the 
delegation range is about 0.3jum. 

[0022] 

The semiconductor disk device has a microprocessor 6 and 
controls the reading, deletion, and writing action of flash 
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memory 1 through above controller 2 and also through the 
interface 3 . Also, microprocessor 6 accomplishes even the role 
of transforming into commands for flash memory from the command 
for the hard disk device that was input in interface 3, and sends 
it to controller 2. 

[0023] 

An explanation is provided hereafter about the writing action 
of a semiconductor disk device having the above construction. 
Figure 2 describes a case that writes data A~D of the 32K byte 
each of 4 blocks that was housed in main memory 7 in flash memory 
1 . 

[0024] 

Data A is input from main memory 7, shown in the above Figure 
2, and is initially written into the 1st buffer memory 4. Also, 
block la where data A plans to be written in flash memory 1 is 
deleted at the same time. In this case, the writing speed to 
buffer memory 4 is 0.3// . It takes 10ms for the 32K byte and 
even the deletion time of flash memory 1 also requires the same 
10ms . 
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[0025] 



Data B is input from main memory 7, and as shown in Figure 3, 
and is written in the 2nd buffer memory 5. Also, block lb where 
it is intended that data B should be written in flash memory 
is deleted at the same time. At the same time, data A of the 
1st buffer memory 4 is written in block la of flash memory 1 
deleted in Figure 2. It becomes possible to implement deletion 
and forwarding data A simultaneously by controller 2, since) in 
this instance a group that block lb belongs to is different f ^om 
a group that block la belongs to of flash memory 1. In this 
case, the writing time t"o buffer memory 5, the deletion time 
of block lb of flash memory 1 and the writing time to block la 
takes 10ms. 

[0026] 

Data C is input from main memory 7, as shown in Figure 4 and 
written in the 1st buffer memory 4. The previous data A is 
overwritten because in this case data A has been written in flash 
memory 1. Also, block 1c where it is intended that data C in 
flash memory 1 is to be written is deleted at the same time. 
And, Data B in the 2 nd buffer memory 5 is written in block lb 
of flash memory 1 deleted in Figure 3 at the same time. Thus 
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it becomes possible to implement deletion and forwarding data 
B simultaneously, ' since a group that block lb belongs to is 
different from a group that block la belongs to of flash memory 
1 here. In this instance, the writing time to buffer memory 4", 
the deletion time of block 1c of flash memory 1 and the writing 
time to block lb takes 10ms. 

[0027] 

Similarly, as shown in Figure 5, regarding data C and data D, 
each data is a written block lc of flash memory 1 and the 2 nd 
buffer memory 5 and simultaneously, block Id is deleted, and 
in the end, as shown in Figure 6, data D of the 2 nd buffer memory 
5 is the written block Id of flash memory 1 deleted in Figure 
5. Also, even in this case, 10ms is needed individually. 

[0028] 

As a result of this, 50ms ( = 10msX5) is needed to write 4 blocks 
of data A~D with each 32K byte' on main memory 7 to the 
semiconductor disk device. Yet, since transmitting from the 2nd 
buffer memory 5 to flash memory 1 shown in the last Figure 6, 
is made by only the action inside the semiconductor disk device 
and also it is possible to continue the writing in succession 
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with transmitting new data at the same time to the 1st buffer 
memory 4, the writing time of 4 block of data A~D seen from 
the external becomes 40ms (=10max4), and the writing speed 
becomes 0 . 3ys/byte . 

[0029] 

With the semiconductor disk device related to this action,, it 
is possible to obtain a higher writing speed than even a h^rd 
disk device, because it can simultaneously implement the d^ta 
transmitting data to buffer memory 4 and 5, deletion of flash 
memory 1 and transmitting data to this flash memory 1 
efficiently with taking the same time. 

[0030] 

The above example is constructed so that the writing action 
of writing data input through interface 3 to either buffer 
memory 4 or 5, the action to read out data out of the other of 
said buffer memory 4 or 5 and to write the data to either group 
of block of two groups of flash memories and the action to delete 
data in the other group of block are implemented simultaneously. 
It is constructed so that the action to read out data of either 
of buffer memory 4 or 5 and to write the data to either group 
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of blocks of two groups of flash memory and the action of deleting 
data in the other group of block are implemented simultaneously. 
In this case, one piece of the buffer memory should work. 

[0031] 

Also, it is possibly constructed so that the part of the flash 
memory that is controlled by controller 2 is the above buffer 
memory . 

[0032] 

The construction block figures shown in Figure 7, 8, 9, and 10 
are the buffer memories constructed by a part of the flash memory 
controlled by controller 2 in the figure. Also, Figure 8 to 
Figure 14 are the diagrams of a writing action. 

[0033] 

Also buffer memory 4 and 5 can be composed of a sum of several 
pieces of memory IC with the small capacity of below the minimum 
deletion unit, although it can also be composed of the memory 
IC of the simple substance having a capacity exceeding the 



FH 008579 



minimum deletion unit. The advantage of this case is to be able 
to compose the buffer memory at a low price. 

[0034] 

The deletion action is unnecessary when data is written in a 
block to have already been deleted. Therefore, if the. memory 
means that remembers whether each block of flash memory is. in 
a deletion state or in a data writing state is arrangedjin 
controller 2 or microprocessor 6, and it can be constructed] so 
that the deletion action is not implemented on a block to have 
already been deleted in accordance with the contents df the 
memory means . 

[0035] 

Also, if apart or all of flash memory ( In cased the buff er memory 
is composed of flash memory, the buff er. memory is included.) 
is arranged with one sheet or plural sheets of a memory card 
form, and a connector is arranged between controller 2 and them, 
it is constructed so that the memory card constituting said 
flash memory can be attached and removed any time. 
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[0036] 



Also, the combination of flash memory 1 that composes the group 
is not the one that fixes it, when the system is composed as 
a microprocessor 6 and controls the group of the buffer memory 
and flash memory. For other examples, and it is possible to 
change optionally. In other words, it is possible to write data 
A in the 2nd buffer memory 5 from main memory 7 in Figure 2. 
Also, it is possible to write the data of buffer memory 4, in 
the optional block other than block la, lb, lc, Id of flash memory 
1 in Figure 3 . 

[0037] 

And also even construction etc. in which the buffer memory 4 
and 5 in Figure 1 is connected to a microprocessor 6 directly 
(Figure 16) , or is included in microprocessor 6 (Figure 15) , 
or buffer memory 4 and 5 is connected to controller 2 directly 
is applicable. 

[0038] 

For other examples, taking all or a part of flash memory 1, 
controller 2, interface 3, buffer memory 4 and 5 and also 
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microprocessor 6 (or control circuit) that compose the 
semiconductor disk device integrated and making them on 1 chip 
is possible as well, and has the advantage of making the device 
small and highly dense. 

[0039] 

[Efficacy of Invention] 

t 
I 

This enables obtaining a writing speed of equal or higher j to 
a hard disk device, because it is possible to transmit data from 
buffer memory to flash memory and to delete data simultaneously 
according to the semiconductor disk device related to the 
present invention, as it is clear from the explanation. 
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[Procedure revision 1] 

[Revision object document name] Specification 
[Revision object item name] 0015 
[Revision method] Change 
[The revision contents] 

[0015] Below, explanation is made on the example related to the 
present invention . 
[Procedure revision 2] 
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[Revision object document name] Specification 
[Revision object item name] 0018 

[0018] 

With flash memory 1 to be used here, the delete block, which 
is a minimum deletion unit, is a 32K byte and the deletion time 
is 10ms, and the writing speed is about 0.3y s/byte. These 20 
pieces of flash memory 1 are divided to 2 groups of each 10 pieces 
and the actions such as reading out, deleting and writingj in 
independently every each group by controller 2. 

! 

[Procedure revision 3] 

[Revision object document name] Specification 
[Revision object item name] 0021 
[Revision method] Change 
[The revision contents] 

[0021] 

In other words, each capacity of buffer memory 4 and 5 is set 
up to 32K byte as shown above, since in flash memory 1 deletion 
time is 10ms and writing time per byte to the delegation range 
is about 0.3/iS. 
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[Procedure revision 4] 

[Revision object document name] Specification 
[Revision object item name] 0022 
[Revision method] Change 
[The revision contents] 

[0022] 

The semiconductor disk device has a microprocessor 6 and 
controls the reading, deletion, and writing action of flash 
memory s i through the above controller 2 and also interface 3. 
Also, microprocessor 6 accomplishes even the role of 
transforming into commands for flash memory from commands for 
a hard disk device input into interface 3 and sent to controller 
2 . 

The commands above are not restricted to the existing commands 
fro the hard disk device, other commands such as IEIDA Ver4 . 1 
standard commands are included. 
[Procedure revision 5] 

[Revision object document name] Specification 
[Revision object item name] 0023 
[Revision method] Change 
[The revision contents] 
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[0023] 



An explanation is made about the writing action of a 
semiconductor disk device having the above construction. 
Figure 2 shows the case that writes data A— D of the 32K byte 
each of 4 blocks housed in main memory 7 in flash memory 1. 
[Procedure revision 6] 

[Revision object document name] Specification j 
[Revision object item name] 0028 I 
[Revision method] Change . 

[The revision contents] I 
[0028] 

As a result, 50ms (=10msX5) is required to write 4 blocks of 
data A^-D with each 32K byte on main memory 7 to the semiconductor 
disk device. Yet, since transmitting from the 2nd buffer memory 
5 to flash memory 1 shown in the last Figure 6, is made by only 
the action inside the semiconductor disk device and also it is 
possible to continue the writing in succession with 
transmitting new data at the same time to the 1st buffer memory 
4 , the writing time of 4 block of data A— D seen from the external 
becomes 40ms (=10msx4) , and the writing speed becomes 
0.3ps/byte. 
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